Protein expression and purification. Protein expression and purification has been conducted as described [1] with minor modifications. Buffer exchange and sample concentration was carried out using centrifugal filters (Amicon, Merck). Protein concentration has been determined with an absorbance spectrometer; the extinction coefficient used for BsCspB was ε = 5800 M -1 cm -1 [1b] . Aliquots were shock frozen and stored at T = 193 K. Expression of 15 N and 13 C labeled BsCspB occurred in M9 minimal medium using 15 N ammonium chloride and 13 C glucose (Cortecnet) as nitrogen and carbon source, respectively.
Sample preparation. Samples were prepared from stock solutions of urea (ultra pure, MP), GdmCl (ultra pure, MP), sodium cacodylate (Alfa Aesar) and the following crowding agents:
dextran 20 (Dex20, technical grade, Pharmacosmos), polyethylene glycol (PEG) of a molecular weight of 1 kDa, 8 kDa and 35 kDa (Roth). Percentages given denote weight per volume percentages; thus 10 % w/v PEG8 refers to 100 g / L PEG 8 kDa. Buffer viscosities were measured using a Viscolite 700 d15 instrument from Hydramotion with a built in temperature reference.
Steady state fluorescence measurements. Thermally equilibrated samples were measured under stirring in a temperated holder at T = 298 K, using a silica glass cuvette of 10 mm diameter (Helma). An FP-8500 spectrofluorometer (Jasco) was used for excitation at 280 nm, detection of fluorescence emission spectra occurred from 290 nm to 400 nm. General sample conditions were 1.4 µM BsCspB in 20 mM sodium cacodylate/HCl, pH 7.0, fluorescence intensity readout occurred at a wavelength of 342 nm. For each transition 31 to 38 measuring points were recorded where each measuring point is the average of triplicate measurements.
The exact concentration of urea and GdmCl was determined via refractive index measurements. In respect to the buffer's background fluorescence, all raw data were corrected by subtracting the values of data regression for blank measurements under the respective conditions.
Steady state CD measurements. Samples were measured in a 1 mm closed cuvette (Helma) on a JT-580 CD spectrometer (Jasco) with a Peltier heating and cooling element. The heating rate was 1 K / min, temperature unfolding transitions were recorded at λ = 222 nm from T = 280 K to T = 353 K. After heat denaturation a cooling ramp was performed for renaturation. At the start and endpoint of each temperature ramp far UV spectra were recorded for control of the folded and unfolded state. Far UV spectra recorded before and after each heating and cooling cycle at T = 298 K were compared for reversibility of the denaturation process; sample denaturation was up to 91 % reversible. Protein concentration was 40 M BsCspB in samples without urea and 120 µM BsCspB for samples containing urea. Protein concentration in the CD cuvette was measured by absorbance spectroscopy and determined to be accurate to ± 6 % of the calculated concentration.
Steady state NMR measurements. 1D 1 H NMR spectra were recorded for 120 µM BsCspB solution (5 % v/v D 2 O, 20 mM sodium cacodylate/HCl; pH 7.0) under addition of 0 %, 10 %, 20 % or 30 % w/v of either PEG1, PEG8, PEG35 or Dex20 on a Bruker 600 MHz spectrometer with a room temperature probe head. Water suppression occurred using presaturation and a Watergate pulse sequence [2] . 2D 1 H-15 N HSQC spectra were acquired on a
Bruker 600 MHz spectrometer with a room temperature probe head as well as a Bruker 600 MHz spectrometer equipped with a cryogenic probe head. The assignment of backbone 1 H-15 N resonances has been transferred from Balbach et al. [3] and has been verified by using HNCA, HNCAB and HN(CO)CACB [4] triple-resonance experiments conducted on a Bruker 600 MHz spectrometer equipped with a cryogenic probe head. Due to high molecular concentration of buffer molecules in crowded and chemically denatured samples, further signal suppression was executed via presaturation of buffer specific frequencies. All spectra were referenced in the proton dimension to TMSP (Alfa Aesar) that was contained in each of 15 N ammonium chloride at the respective sample conditions was acquired (Table S5) . (Table S5 ).
Calculation of Chemical Shift Perturbations (CSPs
Perturbations of chemical shifts were weighted according to Grzesiek et al. [5] .
Amide proton exchange NMR measurements. to draw conclusions on the hydrogen bonding network according to Cierpicki et al. [7] . All 2D
NMR spectra were processed with the software NMRpipe [8] . Intensity and chemical shift readout occurred using the software NMRView [9] . All steady state transitions were analyzed using the software Origin and Igor.
For data regression of chemical unfolding the model of Santoro et al. [10] has been employed.
For data regression of CD spectroscopic measurements of temperature unfolding transitions a thermodynamic two state model was employed as described in detail by Senske et al. [11] . For temperature unfolding transitions monitored by NMR spectroscopy also a thermodynamic two state model was employed as described by Szyperski et al. [12] . Briefly, for estimation of the folded fraction, signals typical for the native conformation were integrated from 0.59 to 0.14 ppm (F n ). For estimation of an increase in the unfolded population, the aliphatic region from 0.697 to 1.064 ppm was integrated, termed F n+u . The fraction folded (f n ) at the respective temperature was then given by f n = (F n /(F n +F n+u ), and the fraction unfolded (f u ) by f u = 1 -f n .
Data regression occurred according to
where R is the ideal gas constant, ΔH(T m ) is the reaction enthalpy, ΔC p is the change in heat capacity and T m is the transition midpoint temperature. For the estimation of ΔH at T = 298 K, the data regression has been employed according to ΔH(T) = ΔH(T m )+ΔC p *(T-T m ). Regarding ΔC p , it has to be considered in how far it may vary with temperature and environmental conditions. Since for most proteins though the change in heat capacity upon denaturation is approximately constant [13] and further, ΔC p of denaturation in presence of cosolutes can be considered equal to ΔC p in dilute solution due to the fact that it only marginally differs from the value of ΔC p in dilute solution [14] , we conducted data regression with ΔC p set to a constant value derived from the regression of thermal unfolding at dilute conditions. Since we found no loss in fitting accuracy when applying a constant ΔC p , we can, in the following, reduce the discussion of thermal stability to changes in ΔH and T m .
Detailed discussion of temperature coefficients
The observation of chemical shift perturbations that occurred upon addition of crowding agents gives rise to the analysis of temperature coefficients (TCs) which express the change of 1 H N chemical shifts with increasing temperature under native conditions. TCs were found to be indicative for intramolecular hydrogen bonds (IMHBs) if the change in the chemical shift with temperature is less negative than -4.6 ppb/K [7b] , since an intramolecular hydrogen bond is thought to only slightly expand with increasing temperature whereas a hydrogen bond to solvent water strongly expands with temperature and therefore the shielding of a solventexposed amide protein decreases more than that of an intramolecularely hydrogen bonded amide proton [15] . The high resolution structure of BsCspB (pdb entry 1nmg) as well as a detailed study of the hydrogen bonding network of BsCspB by using -value analysis [16] allowed us to compare the accuracy of the detected TCs as obtained in dilute solution to the known hydrogen bonding network present in BsCspB ( Figure S5 E, F) . For all TCs above -4.6 ppb/K we find that 86 % are involved in an IMHB, as expected for TC analysis. Focusing on all hydrogen bonds present in BsCspB, 66 % lie above the threshold compared to GarciaMira et al. [16] predictions; compared to the hydrogen bonding pattern present in 1NMG.pdb, we find a match of 80 % of all TCs above -4.6 ppb/K to be hydrogen bonded, whereas in this case 75 % of all hydrogen bonds present in 1NMG lie above the threshold. Rather difficult in the analysis of TCs is the finding that short distanced hydrogen bonds may even lead to extremely negative TCs. This might be the case for many hydrogen bonds present in BsCspB, but the precise length of hydrogen bonds is not accessible based on TCs alone, only i. e. by detection of 3 hJ(N,C')-coupling transmitted through hydrogen bonds [15b, 17] . Furthermore, it has been shown that the influence of IMHBs on the chemical shift is not in all cases the dominant factor, but could be obscured by stronger effects such as ring currents, peptide magnetic anisotropies and electrostatic interactions [15b, 18] . When we focus on the change of TCs with increasing crowder concentration in order to probe weather the addition of crowding agents changes the IMHB network, we find no discernable pattern. The general observation is that TCs get more positive with increasing crowder concentration, using PEG8 as well as Dex20 at concentrations of 10 %, 2 0% and 30 % w/v, respectively. We observe a crossing of the threshold value of -4.6 ppb/K for an IMHB only in two cases. The increase in TCs reaches significance only in 12 of 67 residues and is distributed for Dex20 as well as PEG8, only F49
shows significant increase in TCs by adding PEG8 or Dex20. The meaning of an overall increase of TC is debatable since a more positive TC indicates a higher probability of an IMHB but the length of a hydrogen bond is negatively correlated to the TC [7b, 19] . Thus in crowded solution either an overall increased probability for IMHBs or a lengthening of IMHB can be indicated by the slight increase in TCs. When we assign the changes in TCs to hydrogen bonding alone we conclude that the present hydrogen bonds are slightly lengthened whereas regions without IMHBs tend to get involved in hydrogen bonds or similar shielding effects. Respecting the fact that ring currents, peptide magnetic anisotropies and electrostatic interactions may also influence the chemical shift and can obscure the influence of IMHB (see above) if the hydrogen bond is not a strong and dominant force, we have to conclude that the absence of a strong and distinct pattern in the change of TCs does not allow to assign the increase in overall thermodynamic stability of BsCspB by addition of MC as observed with fluorescence and circular dichroism spectroscopy to dominant changes in the hydrogen bonding network. Note that in literature it is still debated if hydrogen bonds are the dominant force influencing the chemical shift [20] . Thus in some cases, i. e. for GB1, it was even found that the TCs do not necessarily mirror the hydrogen bonding network [20b] . refer to data fitting to a two-state folding model as outlined by Santoro et al. [10] . The values of fitting parameters are presented in Table S3 . Protein concentration of samples containing urea was 120 µM whereas samples without urea contained 40 µM BsCspB. Garcia-Mira et al. [16] . Table S1 Thermodynamic stability of BsCspB as determined by monitoring protein unfolding using fluorescence spectroscopy in presence of urea or GdmCl and in presence of varying concentrations of PEG1, PEG8 or Dex20, respectively. Values for ∆G and m have been determined by using the fitting procedure of Santoro et al. [10] . The midpoint for protein unfolding, c M , has been calculated by using c M = |∆G/m|. The data display the thermodynamic analysis of Figure 1. a cooperativity of folding, m, has been used as global fitting parameter in a set of experimental data comprising one particular crowding agent and using urea or GdmCl as denaturant, Viscosities (± 0.1 cP) of solutions containing MC agent in 20 mM sodium cacodylate/HCl, pH 7.0, determined at T = (298 ± 1) K by using a Viscolite 700 d15 instrument (Hydramotion). 
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Table S3
Thermodynamic stability of BsCspB as determined by monitoring protein unfolding using CD spectroscopy by increasing temperature in presence of varying concentrations of PEG8 or Dex20. Additionally, protein unfolding of BsCspB has been monitored in presence of 1 M, 2 M and 3 M urea. Values for ∆H and T m have been determined by using the fitting procedure described by Senske et al. [11] . The change in heat capacity, ∆C P , has been fixed to 2.8 kJ mol -1 K -1 [21] . The data display the thermodynamic analysis of Figure 2 . 
